Actinomycetes, which produced antibacterial substances against Gram-positive bacteria in the presence of seawater only, were isolated from marine environment and characterized. Of the 100 isolates from Otsuchi Bay in Iwate, 41 failed to produce any antibacterial substances in the absence of seawater. However, of the 41, two were found to produce antibacterial substances in the presence of seawater. Strain No. 18 exhibited higher activity than strain No. 28 and was, therefore, selected for further studies. Phylogenetic analysis and physiological characterization showed a high similarity between strain No. 18 and Micromonospora globosa. However, M. globosa JCM 3126 did not produce any antibiotics in the presence of seawater. Therefore, the effect of seawater on the growth of strain No. 18 and its production of antibacterial substances was investigated. Strain No. 18 grew in a medium prepared with artificial seawater at a concentration range of 0-140%
INTRODUCTION
Natural organic compounds produced by microorganisms are an important screening target for a variety of bioactive substances. Compounds of actinomycetal origin, in particular, have been valuable in the field of bioactives. However, the rate of discovery of novel substances from microorganisms, especially from actinomycetes of terrestrial origin, has decreased recently. Most actinomycetes were believed to terrestrial; however, some strains have also been found in marine environments, though no marine actinomycetes with special characteristics have been isolated. In 2002, Mincer et al. 1) isolated actinomycetes from a marine environment, requiring seawater for growth, and these strains were designated marine actinomycetes.
Oceans cover more than 70% of the earth's surface and the organisms growing in marine environments are metabolically and physiologically different from terrestrial organisms. There are reports 2) of actinomycetes that had physiologically adapted to a marine environment. One strain, isolated from sediment of shallow seawater and designated SS-22, was identified as Streptomyces rutgersensis. Detailed observations, however, revealed that the characteristics of the strain differed from the type strain (ISP-5077) of the same species regarding the liquefaction of gelatin and tolerance to NaCl for growth 3) . Thus, it would appear that some strains of terrestrial origin, transported to rivers through rain or irrigation and, finally, to the sea, can adapt to the marine environment. If adaptation to the environment is due to metabolic changes, the production of new bioactive compounds as metabolites may be expected. Okami et al. 4) isolated a strain of Streptomyces griseus, a common soil species, from marine sediment in Sagami Bay. The strain showed no streptomycin production; however, production of new antibiotics, active against plasmodia in vivo, in a medium, low in organic nutrients and high in salt such as NaCl, was observed. Antibiotic production was reduced with an increase in the nutrient level of the media. The chemical structure of the substance is an ionophoric polyether and is symmetric with a boron atom in the center 5) . Thus, a metabolite of terrestrial actinomycetes had changed over time in marine environmental conditions.
In the present paper, we report the isolation and characterization of a novel actinomycete, which produced an antibiotic in the presence of seawater but not in its absence.
MATERIALS AND METHODS

Collection of sediment samples and pretreatment before isolation of actinomycetes
Marine sediment samples were collected from Otsuchi Bay in Iwate Prefecture using a Smith-McIntyre sediment sampler on June 4th, 2001. The location and depths of these sampling stations are summarized in Table 1 . The maximum depth of collection was 100 m and all samples were decompressed without maintaining the in situ pressure and stored at 3 C. Isolation of actinomycetes was carried out immediately upon retrieval of the samples. Each sample was dried overnight at 27 C to eliminate bacterial growth, followed by filtration through a 2-mm mesh to remove large sand particles, etc.
Isolation of actinomycetes from sediment samples
Starch nitrate agar 6) and HV agar 7) , prepared with or without seawater 8) , were used for the isolation of actinomycetes in situ. Each media contained cycloheximde (50 mg/l) and nalidixic acid (20 mg/l) to prevent fungal and Gram-negative bacterial growth, respectively. The sediment samples were appropriately diluted with sterilized seawater and an aliquot of 0.1 ml was spread on the media. After incubation for 1-3 weeks at 27 C, the actinomycete colonies that developed on the plates were counted and numbers were expressed in colony forming units (cfu). The colonies were picked out and purified before being stored in ISP-4 slants.
Cultivation of actinomycetes for screening of antibiotic substances with or without seawater
Actinomycetes were cultivated in disposable plastic 24-well plates for the screening of antibiotic substances. Culture was carried out in about 1.5 ml of Yeast-Malt extract medium (0.4% Bacto-yeast extract, 1.0% Bacto-malt extract and 0.4% glucose, pH 7.3) at 27 C for 7 days on a minishaker at 370 rpm (type MBSS-500; B. E. Marubishi Co., Ltd, Tokyo, Japan). After growth, the culture was harvested by centrifugation at 12 000 Â g for 15 min and the supernatant used for the assay of antibiotic activity by the cup assay method. The assay plates seeded with Bacillus subtilis PCI 219 using Mycin assay agar (Mikuni), Escherichia coli K-12 using Nutrient agar (Difco), and Candida albicans 3147 using Sabouraud dextrose agar were used for the antibiotic assay, respectively. Actinomycetes with no activity were further cultivated for 10 days in the same medium prepared with seawater and the activity was checked by the same method.
16S rDNA sequencing of the antibiotic-producing strain
The strain was inoculated into Yeast-Malt extract medium supplemented with 1% glycine and cultivated at 27 C for 5 days. The culture was harvested by centrifugation and the resulting precipitates were suspended in 0.2 ml of 5 mM EDTA (pH 8.0). Lysozyme (Wako, Osaka, Japan) was added to the suspension at a final concentration of 1 mg/ml and incubated at 37 C for 30 min. After incubation, 0.02 ml of 20% SDS/0.25 N NaOH was added and the suspension was further incubated at 55 C for 10 min. DNA was extracted and purified utilizing the method of Esaki et al. 9) . The 16S rDNA sequencing was carried out using a commercial PCR and Dye Terminator Cycle Sequencing kit (Applied Biosystems, Foster City, CA, USA). The reaction mixture was analyzed with an Applied Biosystems 310 DNA sequencer, as described previously 10) . Sequence data were compiled, based on overlapping sequence data, using the GENETYX computer program (Genetyx, Tokyo, Japan). Nucleotide situation rates (K nuc values) 11) were determined and a distance matrix tree was constructed by the neighbor-joining method 12) using the CLUSTAL W program.
Taxonomic characteristics of the antibiotic-producing strain Methods and media described by the International Streptomyces Project (ISP) were used to determine most of the morphological and physiological characteristics of the strain. Inoculated media were incubated at 27 C for 3 weeks before observation. Detailed observations of mycelial morphology were performed under a light microscope Station No.
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(CFU/g of dry sediment) 3 4 Fig. 1 . Percentage of Micromonospora in the total actinomycete population at each station. Others; Micromonospora after the strain was incubated on ISP-2 medium. The utilization of carbon sources was examined on Pridham and Gottlieb's medium 13) containing miscellaneous carbohydrates to a final concentration of 1%. NaCl tolerance (0-13%) was tested on Yeast-Malt agar slants. Type strain Micromonospora globosa (JCM 3126) was obtained from JCM.
Time-course for growth of the strain and production of antibiotic substance with or without seawater
The time-course for growth of the strain and production of the antibiotic substances were examined using a YeastMalt extract liquid medium prepared with freshwater. Baffled 500-ml Erlenmeyer flasks, filled with 100 ml of medium, were inoculated with the strain and precultured at 
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Asanoa ferruginea DSM 44099 T (X93199) 27 C for 7 days on a rotary shaker at 160 rpm with an eccentricity of 7 cm. Then, the strain was cultivated in 100 ml of the same medium and antibiotic activity of the culture supernatant against B. subtilis PCI 219 was monitored. The growth of the strain was assessed by the dry weight of the mycelium from 1 ml of the broth after drying overnight at 60 C. To investigate the effect of seawater concentration on the growth and production of antibiotic substances, a YeastMalt extract liquid medium prepared with various concentrations (0-200%, v/v) of artificial seawater were used. Cultivation was carried out at 27 C for 10 days and the growth of the strain and antibiotic activity measured.
To find the essential compound for the production of antibiotics, every cation contained in seawater was eliminated and the growth of the strain and production of antibiotic substances were determined as described above.
RESULTS AND DISCUSSION
Distribution of actinomycetes in marine sediment Figure 1 shows the percentage of genus Micromonospora in the total actinomycete population at each sampling station. The number of actinomycete colonies is much higher in medium without than with seawater from all stations, except for Stn-5 (data not shown). The highest actinomycetes count was observed in Stn-7 due to terrestrial influences. No actinomycete colonies were found in Stn-5, since the bottom substrate contains sand particles. The percentage of genus Micromonospora, judged by the eye for morphological characteristics, in the total actinomycete population is high for all stations. These results agree with results for the population of Micromonospora colonies in seawater media 14, 15) . The population of Micromonospora in the bay is much higher compared with other sea areas.
Cultivation of actinomycetes for screening of antibiotic substances with or without seawater
Of 100 strains from various sea areas tested for the production of antibiotic substances without seawater medium, 59 strains were found to produce substances, whereas 41 were non-producers. However, of the 41 strains, two were found to produce substances with seawater. Among these, the strain isolated from Stn-1 (100 m depth) and designated No. 18, exhibited higher activity and was selected for further studies.
Characterization and identification of strain No. 18
Phylogenetic analysis by 16S rDNA sequencing (1500 bp) showed a high similarity between strain No. 18 and Micromonospora globosa (similarity: 99.06%) (Fig. 2) . The strain showed close similarity with M. aurantiaca (98.94%). The colony of strain No. 18 was yellow/orange in color with a waxy and leathery, tough texture, showing good growth with the formation of a black spore layer on the ISP-4 agar medium. The strain was Gram-positive, did not make aerial mycelium, did not produce sporangia and produced nonmotile spores that were borne individually on branched hyphae. The colonies become darkened during sporulation with spores produced singly on the colony surface. Vegetative hyphae are finely branched and do not fragment. These morphological characteristics permit the strain to be classed in the genus Micromonospora. It was tolerant of NaCl concentrations up to 4% but did not require the presence of NaCl or seawater for growth. The strain produced a red color pigment in the presence of seawater (70-110%, v/v) in both liquid and agar media.
Effect of seawater concentration and various cations in seawater on growth and production of antibiotic substances Slow growth was observed after inoculation of the strain and maximal growth was obtained after 14 days of cultivation. Antibiotic activity was observed after 6 days of cultivation, reaching a maximum in 7 days, with a decline in activity thereafter (data not shown). Figure 3 illustrates the effect of seawater concentration on the growth and production of antibiotic substances. The strain grew in seawater at the range 0-140% (v/v). The optimal concentration ranged from 10 to 30% (v/v). However, production of antibacterial substances was observed in the concentration range 60-110% (v/v) despite poor growth. Thus, the production of antibiotic substances is seawater-dependent. M. globosa is known to produce an antibiotic called deoxydynemicin A in the absence of seawater as the strain was isolated from a soil sample 16) . It is interesting that M. globosa, living in a marine environment, developed this metabolism. As shown in Fig. 4 , good growth was observed in the medium without Na þ or distilled water, whereas no production of antibiotics was observed. Thus, Na þ is essential for production. Streptomyces aureofaciens is known to have no NaCl tolerance for growth; however, the strain grows gradually under increased concentration of NaCl after repeated subculturing on the agar medium. UV spectra of the culture supernatant of the strain before and after adaptation to increased concentrations of NaCl are considerably different, suggesting that the metabolite might be changed after adaptation to NaCl 17) . It appears that strain No. 18 had the same mechanism of antibiotic production.
Further studies on the purification of the antibiotic substance and elucidation of its production pathways are underway. 
